Changing inter-molecular spin-orbital coupling for generating magnetic field effects in phosphorescent organic semiconductors APL: Org. Electron. Photonics 5, 1 (2012) Changing inter-molecular spin-orbital coupling for generating magnetic field effects in phosphorescent organic semiconductors Appl. Phys. Lett. 100, 013301 (2012) Br2 molecular elimination in photolysis of (COBr)2 at 248 nm by using cavity ring-down absorption spectroscopy: A photodissociation channel being ignored J. Chem. Phys. 135, 234308 (2011) A semi-grand canonical Monte Carlo simulation model for ion binding to ionizable surfaces: Proton binding of carboxylated latex particles as a case study J. Chem. Phys. 135, 184103 (2011) Water adsorption on graphene/Pt(111) at room temperature: A vibrational investigation AIP Advances 1, 042130 (2011) Additional information on J. Chem. Phys. , which involve the C-S and C-C bond scissions, are found to dominate in the entire E c.m. range. The lower energy channel corresponding to the formation of CH 3 CHSH ϩ ϩH is not found. The strong preference observed for the formation of the higher energy channels is in accord with the conclusion obtained in the recent CID study of CH 3 SH ϩ , providing evidence that the CID of CH 3 CH 2 SH ϩ is also nonstatistical. The high yields of CH 3 CH 2 ϩ ϩSH and CH 2 SH ϩ ϩCH 3 are attributed to the more efficient translational to vibrational energy transfer for the low frequencies C-S and C-C stretching modes than for the high frequencies C-H and S-H stretching modes, along with the weak couplings between these low and high frequencies vibrational modes of CH 3 CH 2 SH ϩ . The relative abundances of product ions formed by the single-photon ionization of CH 3 CH 2 SH were also measured for comparison with the CID results. The CH 3 CHSH ϩ ϩH channel is observed in the photoionization of CH 3 CH 2 SH. Similar to the finding in the photoionization of CH 3 SH, the relative abundances of fragment ions formed in the photoionization of CH 3 CH 2 SH are in qualitative accord with statistical predictions. To rationalize the dissociation mechanisms of CH 3 CH 2 SH ϩ , we have also performed ab initio calculations to locate the possible transition structures for the observed dissociation channels.
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I. INTRODUCTION
We have recently examined the collision-induced dissociation ͑CID͒ reaction of CH 3 SH ϩ ϩAr.
1,2 The absolute cross section for CH 3 ϩ ϩSH is found to be significantly higher than that for CH 2 SH ϩ ϩH. Since the CH 3 ϩ -SH bond is considerably stronger than the H-CH 2 SH ϩ bond, this observation suggests that the CID of CH 3 SH ϩ is nonstatistical, and is thus bond selective. However, this conclusion is contrary to the results observed in the dissociation of CH 3 SH ϩ excited by photoionization ͑PI͒ ͑Ref. 3͒ and charge exchange. 4 The breakdown diagrams for the unimolecular dissociation of CH 3 SH ϩ activated by PI and charge exchange are in qualitatively agreement with the statistical quasiequilibrium theory ͑QET͒.
2-4
Motivated by the striking differences in the CH 3 actant ion beam thus formed should also be rotationally cold. On the basis of the self-consistent-field molecular orbital calculation using the 4-31G basis set, 5 the main electronic configuration for CH 3 CH 2 SH is predicted to be ...
The highest 4aЉ orbital is a nonbonding orbital localized mostly at the S atom. The 13aЈ orbital has mainly the ͑C-S͒ bond in character, while the 12aЈ orbital is associated with the ͑S-H͒ and ͑C-C͒ bonds. The first to fifth photoelectron bands observed in previous He I photoelectron spectroscopic studies 5 have been assigned correspondingly to the removal of an electron from the 4aЉ, 13aЈ, 12aЈ, 3aЉ, and 11aЈ orbitals of CH 3 CH 2 SH with respective vertical ionization energies ͑IEs͒ of 9.58, 11.87, 13.43, 14.62, and 16.82 eV.
5

II. EXPERIMENT
The arrangement of the triple-quadrupole doubleoctopole ͑TQDO͒ PI ion-molecule reaction apparatus ͑Fig. 1͒ and procedures used to perform state-selected absolute total cross section measurements have been described in detail previously. [6] [7] [8] The TQDO apparatus essentially consists of, in sequential order, a vacuum ultraviolet ͑VUV͒ PI ion source, an electron impact ion source ͑1͒, a reactant quadrupole mass spectrometer ͑QMS͒ ͑5͒, a lower radio frequency ͑RF͒ octopole ion guide reaction gas cell ͑RFOIGGC͒ ͓(6) ϩ(7)], a middle QMS ͑10͒, an upper RFOIGGC ͓(11) ϩ (14) ], a product QMS ͑15͒, and a modified 9 Daly-type scintillation ion detector ͓(17)ϩ(19)ϩ(20)͔. The electron impact ion source is not used in this experiment. The TQDO apparatus is partitioned into five chambers which are separately evacuated by liquid nitrogen or freon-trapped diffusion pumps.
The PI ion source consists of a 0.2 m VUV monochromator ͑McPherson 234͒, a hydrogen discharge lamp, and a photoelectric VUV light detector. The recent high resolution nonresonant two-photon pulsed field ionization photoelectron ͑N2P-PFI-PE͒ study of CH 3 Ϫ4 Torr. In this pressure range, the CID product ion intensity was found to have a linear dependence on the Ar gas cell pressure. The reactant ions and the product ions formed in the upper RFOIGGC were then mass selected by the product QMS and detected with the modified Daly-type scintillation ion detector.
The reactant ion beam energies were determined by the retarding potential method, using the upper octopole ion guide to retard the reactant CH 3 CH 2 SH ϩ ions. The retarding potential curve thus obtained was differentiated to yield the most probable laboratory kinetic energy (E lab ) of the reactant ions and the FWHM of the kinetic energy distribution. The E lab resolution for CH 3 CH 2 SH ϩ achieved in this experiment was Ϯ0.2 eV as measured by the FWHM of the E lab distribution. The center-of-mass collision energy (E c.m. ) resolution was Ϯ0.08 eV ͑FWHM͒. The collection efficiencies for reactant and product ions were maximized at each E c.m. by optimizing the voltage settings applied to the ion lenses, the octopole ion guides, and the QMS's.
To probe the structure of the mass 47 ions formed in the CID reaction of CH 3 CH 2 SH ϩ ϩAr, we used both the lower and upper RFOIGGCs. Reactant CH 3 CH 2 SH ϩ ions prepared by PI of CH 3 CH 2 SH were first selected by the reactant QMS to enter the lower RFOIGGC, where the CID reaction CH 3 CH 2 SH ϩ ϩAr took place. The Ar gas cell pressure used was 5ϫ10 Ϫ4 Torr. The mass 47 product ions thus formed in the E c.m. range of 4.5-6.5 eV were selected by the middle QMS and guided into the upper RFOIGGC, in which the structure for the mass 47 ions was probed by the charge transfer reaction with benzene (C 6 H 6 ) at E c.m. Ͻ0.4 eV. Charge transfer product C 6 H 6 ϩ ions, if formed, were detected by the product QMS. The C 6 H 6 pressure used in the upper gas cell was 3ϫ10 Ϫ4 Torr. 3 This conclusion is based on the fact that the thermochemical threshold of ⌬H 0 0 ϭ11.541 eV for process ͑3͒ is very close to the appearance energy ͑AE͒ of Ϸ11.55 eV for the mass 47 ion observed in the dissociative PI of CH 3 SH,
The formation of CH 2 SH ϩ by process ͑3͒ has been further confirmed by Fenn et al. using benzene as the charge transfer probing reactant. 2 The latter experiment can be taken as a validation of the charge transfer probing technique used here for the structural identification of the mass 47 ions ͑CH 2 SH ϩ or CH 3 S ϩ ͒ formed in the PI and CID reactions. The data acquisition for the TQDO apparatus has recently been upgraded to be controlled by a Pentium PC system.
14 This improvement allows computer control of the QMS and monochromator scans, the voltage settings applied to individual components of the ion optics system, the reactant ion kinetic energy determination, and the background corrections in absolute total cross section measurements. The procedures outlined above were conducted mostly in an automatic mode. and 99.9%, respectively. The Ar gas is from Air Products and has a purity of 99.998%.
III. RESULTS AND DISCUSSION
A. Absolute total cross section and identification of CID product channels Figure 2 depicts the mass spectrum observed for the CID reaction of CH 3 ϩ determined by the cross-section curves are listed in Table I . At E c.m. below these AE͑CID͒ values, the intensities for the corresponding product ions are at the back- from the cleavage of the CH 3 ϩ -SH bond, has a sharp onset.
As shown in Fig. 3͑a͒ , the experimental onset for CH 3 . As shown in Fig. 3͑b͒ , the rapid growth of the cross section for C 2 H 3 ϩ , beginning at E c.m. Ϸ7 eV, is accompanied by the corresponding drop in the cross section for C 2 H 5 ϩ as E c.m. is increased. This observation suggests that the increase in the C 2 H 3 ϩ intensity is mostly resulted from the secondary decomposition of excited C 2 H 5 ϩ at E c.m. Ͼ7 eV.
The AE͑CID͒ value of 1.7Ϯ0.2 eV for the mass 47 ion is in excellent agreement with the thermochemical threshold of ⌬H 0 0 ϭ1.73 eV for reaction ͑9a͒, indicating that CH 2 SH ϩ is formed near the CID onset for the mass 47 ion. To confirm this structure for the mass 47 ion, we have performed the charge transfer probing experiment using the double RFOIGGC scheme described in the Experiment. On the basis of the energetics for reactions ͑1͒ and ͑2͒, we expect to observe C 6 H 6 ϩ if the mass 47 ion has the CH 3 S ϩ structure, whereas no C 6 H 6 ϩ ions should be produced if the mass 47 ion possesses the CH 2 SH ϩ structure. Since no charge transfer product C 6 formation of CH 3 S ϩ ϩCH 3 ͓reaction ͑9b͔͒ is considerably higher than that of reaction ͑9a͒.
A very weak onset is observed at AE͑CID͒ϭ1.5Ϯ0.4 eV for the CH 2 S ϩ ion. Although this value is higher than the thermochemical threshold of ⌬H 0 0 ϭ0.92 eV for reaction ͑10a͒, we conclude that CH 2 S ϩ ϩCH 4 is formed at the AE-͑CID͒ for CH 2 S ϩ . The thermochemical threshold for the formation of CH 2 S ϩ ϩCH 3 ϩH ͓reaction ͑10c͔͒ is ⌬H 0 0 ϭ5.40 eV, suggesting that excited CH 2 SH ϩ may be the precursor of CH 2 S ϩ at E c.m. Ͼ5.4 eV. The formation of cis-HCSH ϩ ͑and/or trans-HCSH ϩ ͒ ͑Ref. 22͒ together with CH 4 ͓reaction ͑10b͔͒, which has a thermochemical threshold of Ϸ1.1 eV, is also a viable process.
The onset for HCS ϩ is very gradual, indicating that this ion may be produced by a stepwise dissociation mechanism or via a tight transition complex. The upper limit of the AE-͑CID͒ for HCS ϩ is estimated to be 7.2Ϯ0.5 eV, which is significantly higher than the ⌬H 0 0 values of 3.1 and 4.57 eV for reactions ͑11a͒ and ͑11c͒, respectively. The formation of HCS ϩ may involve the further dissociation of excited CH 2 SH ϩ and/or CH 2 S ϩ . We note that the ⌬ f H 0 0 for CSH ϩ is 3.1 eV higher than that for HCS ϩ ͑see Table II͒ . The formation of CSH ϩ at higher E c.m. 's cannot be excluded. The cross section for CH 3 ϩ is on average the lowest in the E c.m. range of interest here. The cross section curve for CH 3 ϩ has a weak onset at 3.8Ϯ0.3 eV and exhibits a plateau in the E c.m. range of 4-8 eV. At E c.m. Ϸ8 eV, the cross section for CH 3 ϩ begins to rise gradually as E c.m. is increased. Since the AE͑CID͒ for CH 3 ϩ is in good agreement with the thermochemical threshold of ⌬H 0 0 ϭ4.03 eV for reaction ͑8a͒, we conclude that the breakage of the CH 3 ϩ -CH 2 SH bond to form CH 3 ϩ and CH 2 SH does not have a potential barrier. Although the charge of CH 3 CH 2 SH ϩ is originally located at the S atom, the charge may hop from CH 2 SH ϩ to CH 3 during the cleavage of the C-C bond in CH 3 CH 2 SH ϩ . Since the IE of CH 2 SH (7.536Ϯ0.003 eV) ͑Ref. 22͒ is substantially lower than the IE of CH 3 (9.8380Ϯ0.0004 eV), 18 we expect that the formation of CH 3 ϩ ϩCH 2 SH is not favorable. We note that the thermochemical threshold for the formation of CH 3 ϩ ϩCH 2 ϩSH ͓reaction ͑8c͔͒ is ⌬H 0 0 ϭ7.91 eV, which appears to coincide with the further increase in cross section for CH 3 ϩ at E c.m. Ϸ8 eV. A finite contribution to the formation of CH 3 ϩ at E c.m. Ͼ8 eV may arise from the further dissociation of CH 3 Here, the sum of the abundances for all product ions at a specific E c.m. is normalized to 100%. Due to the poor signal to noise ratios for the cross section data at E c.m. Ͻ2 eV, the relative abundance data at this E c.m. range are not included in Fig. 4͑a͒ . The relatively abundance of C 2 H 5 ϩ reaches a plateau at 3-6 eV and decreases monotonically from 63% to 20% as E c.m. is increased from 6 eV to 42 eV. The decrease of the relative abundance for C 2 H 5 ϩ appears to coincide with the increase in the relative abundance for C 2 are significantly higher than the endothermicities of the dissociation reactions ͑3͒-͑12͒.
B. Photoionization efficiency spectra for fragment ions from CH 3 CH 2 SH
We have measured the PIE spectra ͑not shown here͒ for ions from CH 3 CH 2 SH in the wavelength range of 1350-950 Å using a wavelength resolution of 5 Å ͑FWHM͒. The photoions observed are CH 3 Fig. 4͑b͒ , showing that CH 2 SH ϩ is the dominant product ion at E ex Ϸ1.8-2.8 eV, while C 2 H 5 ϩ becomes the major product ion at E ex Ͼ2.8 eV. Although the relative abundance curves obtained by the PI of CH 3 CH 2 SH are not energy-selected data, it is interesting to note that the E ex dependencies of these relative abundance curves are in qualitative accord with the statistical QET predictions.
Comparing the relative abundance data plotted in Figs. 4͑a͒ and 4͑b͒, we note two major differences. First, the CH 3 CHSH ϩ ion observed in the PI of CH 3 CH 2 SH is not found in the CID study. The other difference is that the relative abundance curves for C 2 2 SH, which involve the respective cleavage of a single C-H, C-S, and C-C bond, are predicted to have no potential barriers. These theoretical predictions are consistent with the experimental observation that the AE͑CID͒ and ⌬͑PI͒ for these product channels agree with their corresponding thermochemical thresholds. If the elimination of CH 4 from CH 3 CH 2 SH ϩ proceeds via a one-step process, it is predicted to involve a four-center cyclic transition structure lying 2.31 eV above the energy for CH 3 CH 2 SH ϩ as shown in Fig. 5 . We note that the AE͑CID͒ value of 1.5Ϯ0.4 eV for CH 2 S ϩ is higher than the thermochemical threshold of ⌬H 0 0 ϭ0.92 eV for the formation of CH 2 S ϩ ϩCH 4 from reaction ͑10a͒. The ⌬͑PI͒ value 1.42Ϯ0.06 eV for CH 2 S ϩ observed in the PI experiment is close to the AE͑CID͒ value. These observations suggest a potential energy barrier of Ϸ0.6 eV above the energy of the CH 2 S ϩ ϩCH 4 channel. However, the theoretical barrier is Ϸ0.8 eV higher than the experimental barrier.
By a 1,2-H ͑1,3-H͒ shift, the CH 3 CH 2 SH ϩ ion may rearrange to form the CH 3 Table I . See the text. The transition structures are predicted to exist and are shown in square brackets. However, the detailed structures for the transition structures are not given here.
